Purpose This phase I trial evaluated the question of whether the standard starting dose of axitinib could be administered in combination with therapeutic doses of cisplatin/capecitabine in patients with previously untreated advanced gastric cancer, and assessed overall safety, pharmacokinetics, and preliminary antitumor activity of this combination.
Introduction
Gastric cancer is the fourth most common malignancy and the second leading cause of cancer death worldwide [1] . Cases of gastric cancer in Eastern Asia account for half of the world total, and the highest estimated mortality rates are reported in those countries. For advanced gastric cancer, first-line therapy with combination chemotherapy results in improved overall survival (OS) compared with best supportive care or single-agent chemotherapy. Treatment guidelines [2] , therefore, recommend first-line combination regimens incorporating a platinum agent and a fluoropyrimidine. There is controversy regarding the benefit of adding a third chemotherapeutic agent.
Different targets contributing to the pathogenesis of gastric cancer have been explored in attempts to improve outcomes. Human epidermal growth factor receptor 2 (HER2) is an important target in gastric cancer. The combination of trastuzumab, a HER2-targeted agent, with cisplatin and a fluoropyrimidine significantly improved median OS compared with chemotherapy alone as first-line therapy in patients with HER2-postive advanced gastric cancer [3] . In addition, expression of vascular endothelial growth factor (VEGF) is more likely to occur in gastric tumors than in non-cancerous tissue, and VEGF expression is associated with worse survival in patients with gastric cancer [4, 5] . Several VEGF-targeted agents (bevacizumab [6] , sorafenib [7] , sunitinib [8] [9] [10] , and ramucirumab [11] ) have been evaluated in patients with advanced gastric cancer. In a phase III randomized trial, ramucirumab plus best supportive care improved OS compared with best supportive care alone as second-line therapy in patients with metastatic gastric cancer [11] .
Axitinib is a potent and selective second-generation inhibitor of VEGF receptors 1, 2, and 3 [12] . It is approved in the United States, European Union, and other countries for treatment of advanced renal cell carcinoma after failure of one prior systemic therapy, based on the phase III AXIS trial, which demonstrated that axitinib significantly improved progression-free survival (PFS) compared with sorafenib as second-line therapy [13] . Phase II trials have evaluated the antitumor activity of axitinib as a single agent in thyroid cancer [14] , non-small cell lung cancer [15] , and melanoma [16] , and in combination with chemotherapy in pancreatic [17] , breast [18] , colorectal cancer [19] , and other indication.
This phase I trial was designed to evaluate the tolerability of axitinib administered at the starting dose of 5 mg twice a day in combination with therapeutic doses of cisplatin/ capecitabine in patients with advanced gastric cancer.
Materials and Methods

Study design
This open-label phase I trial evaluating axitinib in combination with cisplatin/capecitabine in patients with previously untreated advanced gastric cancer was conducted at three sites in Korea and two sites in Japan. The primary objective of this trial was to assess the tolerability of axitinib administered at the standard starting dose in combination with cisplatin/capecitabine, and to determine the maximum tolerated dose (MTD) of the combination regimen by evaluating first-cycle dose-limiting toxicities (DLTs) and overall safety. The secondary objectives were to evaluate the plasma pharmacokinetics (PKs) of axitinib, cisplatin, and capecitabine and its metabolite 5-fluorouracil (5-FU) when administered at the MTD, and to assess preliminary antitumor activity of the combination.
The study was conducted in accordance with the Declaration of Helsinki, the International Conference on Harmonization Guideline on Good Clinical Practice, the study protocol, and applicable local regulatory requirements and laws. The study protocol, amendments, and informed consent forms were approved by an Institutional Review Board/Independent Ethics Committee. All participants provided written informed consent. The trial is registered on ClinicalTrials.gov (NCT00842244).
Patients
Patients aged ! 20 years at Japanese sites or ! 18 years at Korean sites with stage IV gastric or gastroesophageal junction adenocarcinoma (type II or III tumors) for which curative intent was not possible, and at least one unidimensionally measureable lesion using a modified Response Evaluation Criteria in Solid Tumors (RECIST) ver. 1.0 were eligible. Patients were required to have Eastern Cooperative Oncology Group performance status of 0 or 1; adequate bone marrow, renal, and hepatic function; and blood pressure (BP) " 130/80 mm Hg. Antihypertensive medications were permitted.
Patients who had undergone radiation therapy or surgery within 4 weeks prior to study entry or prior treatment with a systemic anticancer agent for advanced gastric cancer were excluded. Palliative radiation therapy to non-target lesions within 2 weeks prior to study entry was allowed. Patients with disease progression while on prior adjuvant treatment or progression-free interval < 6 months after completion of adjuvant therapy were not permitted. Because the trastuzumab trial [3] results were unknown when this trial was designed, HER2 status was not assessed.
Study treatments
Patients in dose level (DL) 1 received cisplatin 80 mg/m 2 intravenously over 2 hours on day 1 and capecitabine 1,000 mg/m 2 twice a day orally within 30 minutes after a meal on days 1 to 14 of each 21-day cycle. Axitinib was taken orally with food at a starting dose of 5 mg twice a day on days 1 to 21. On day 1, a 5-hydroxytryptamine3-receptor antagonist and dexamethasone were administered before cisplatin, with vigorous hydration according to institutional practices.
In cycle 1, patients in the PK expansion subgroup received lead-in dosing with axitinib beginning on day 3 and continuing through day 18, with administration of cisplatin on day 1 and capecitabine on days 1 to 14. On day 19 of cycle 1, axitinib was temporarily stopped for 3 days before cycle 2. In cycle 2, cisplatin was administered on day 1 and capecitabine on days 1 to 14, with axitinib restarted on day 2 and continued without any planned interruptions thereafter (Fig. 1 ). For cycle 3 and beyond, all three drugs were started on day 1.
If more than one of the first six patients experienced a DLT (Table 1) during cycle 1, patients would have been enrolled in DL -1: axitinib 3 mg twice a day on days 1-21 or cisplatin 60 mg/m 2 on day 1 or capecitabine 800 mg/m 2 twice a day on days 1-14 of each 21-day cycle. The actual drug dose reductions were to be determined by the toxicity profile observed. Cohorts at higher DLs were not planned.
Intrapatient dose modifications for axitinib and chemotherapy were permitted based on tolerability. Investigators, in discussion with the sponsor, had the discretion to discontinue, delay, or modify the dosages of the drugs depending on the severity and timing of adverse events (AEs). Axitinibrelated hypertension (BP > 150/100 mm Hg) was managed by increasing the dose of existing or adding new antihypertensive medication. If the patient was already on maximal antihypertensive therapy, axitinib was to be reduced to the next lower dose (i.e., 3 or 2 mg twice a day). If the patient developed recurrent BP > 150/100 mm Hg, axitinib was to be reduced to the next lower dose; reductions < 2 mg twice a day required discussion with the sponsor. If BP was Except alopecia or those adverse events that could be controlled to grade " 2 with appropriate treatment. 
PK samples for axitinib PK samples for axitinib, cisplatin, and capecitabine PK samples for cisplatin, and capecitabine > 160/105 mm Hg, axitinib was to be stopped and then restarted at the next lower dose when BP returned to < 150/100 mm Hg. Once the dose was reduced for axitinibrelated toxicity, it was not generally re-escalated.
Patients were treated until disease progression, intolerable toxicity, withdrawal of consent, or removal from the study by the investigator. Patients requiring the use of strong cytochrome P450 (CYP) 3A4/5 or CYP1A2 inducers or strong CYP3A4/5 inhibitors were not eligible for enrollment; however, if these drugs were required during the study, they were allowed and adjustment of axitinib dosage was to be considered.
Assessments
To determine the MTD, initially three patients were to be treated at DL1. If no more than one DLT (Table 1 ) was observed during cycle 1, another three patients were to be enrolled at DL1 to complete the enrollment of six patients into the cohort. If cycle 1 toxicities at DL1 exceed the MTD, patients would be enrolled in DL -1. If no more than one of the six patients experienced a DLT during cycle 1, another six patients were to be entered at DL1. The MTD was the highest dose at which " 30% of the 12 patients experienced a DLT during cycle 1. If DL1 did not exceed the MTD for the combination, this would be declared the MTD as higher dose level cohorts were not planned in this study. An additional 10 patients were to be enrolled in an expansion cohort at the MTD for collection of further safety, PK, and antitumor activity data.
Safety was based on the incidence and severity (graded by Common Terminology Criteria for Adverse Events ver. 3.0) of AEs, and assessment of laboratory tests, home BP monitoring, and physical examinations. Tumors were assessed radiologically using a modified RECIST ver. 1.0 at screening, every 6 weeks, and whenever disease progression was suspected.
PK sampling and analysis for axitinib, cisplatin, and capecitabine and its metabolite 5-FU in plasma were performed for 10 patients in the MTD expansion cohort from whom complete data were available. Standard plasma PK parameters, including maximum observed plasma concentration (Cmax), time at which Cmax was observed (Tmax), area under the curve (AUC) from time 0 extrapolated to infinite time (AUCinf), AUC from time 0 to 24 hours (AUC24), terminal half-life (t1/2), clearance (CL) or apparent oral clearance (CL/F), and volume of distribution during the elimination phase (Vz) or apparent volume of distribution during the elimination phase (Vz/F), were estimated using the validated eNCA ver. 2.2.1 (Pfizer Inc., New York, NY; proprietary software for non-compartmental parameter estimation).
The study design allowed for evaluation in each patient of the PK of steady-state axitinib alone on cycle 1, day -1; cisplatin/capecitabine alone on cycle 2, day 1; and cisplatin/capecitabine plus steady-state axitinib on cycle 1, day 1 (Fig. 1) . Axitinib PK samples were collected prior to and 1, 2, 3, 4, 6, and 8 hours after axitinib dosing. Capecitabine PK samples were collected prior to and 0.25, 0.5, 1, 2, 3, 4, 6, and 8 hours after capecitabine dosing. Cisplatin PK samples were collected prior to the start of cisplatin infusion, 0.5 and 1 hours (during infusion), 2 hours (end of infusion), and 1, 2, 4, and 6 hours after the end of infusion. Cisplatin PK samples were drawn from the arm not receiving chemotherapy.
Plasma concentrations of axitinib were measured using a validated, sensitive, and specific high-performance liquid chromatography with tandem mass spectrometric (HPLC/ MS/MS) detection method (Charles River Laboratories Preclinical Services, Shrewsbury, MA). The lower limit of Target and non-target.
quantification (LLOQ) for axitinib was 0.500 ng/mL. Platinum (derived from cisplatin) concentrations in plasma and plasma ultrafiltrate (PUF) were analyzed (Covance Laboratories, Madison, WI) using validated, sensitive, and specific inductively coupled plasma mass spectrometric methods. The LLOQ for platinum was 2.00 ng/mL in plasma and 1.00 ng/mL in PUF. Analysis of plasma samples (WuXi AppTec, Shanghai, China) for concentrations of capecitabine and its metabolite 5-FU was performed using a validated, sensitive, and specific HPLC/MS/MS method. The LLOQ was 20.0 ng/mL for capecitabine and 5.00 ng/mL for 5-FU.
Statistical analysis
The study sample size was dependent on the observed safety profile of axitinib plus chemotherapy, which determined the number of patients per DL. Analysis of efficacy and safety was performed for all patients who received at least one dose of study medication. Descriptive statistics (mean, median, standard deviation, and range for continuous data; percentage for categorical data; and 95% confidence interval [CI], if applicable) were used to summarize patient characteristics, treatment administration/compliance, antitumor activity, safety, and PK parameters. The Kaplan-Meier method was used to estimate the duration of response (time from first demonstration of partial or complete response to documented disease progression) and PFS (time from start date to date of first documentation of progression or death due to any cause). The study was not powered for detection of differences in PK parameters for capecitabine, cisplatin, or axitinib alone or in combination. All analyses were performed based on final data following database closure, with a data cutoff date of October 17, 2012.
Results
Patients and treatment
A total of 22 patients were enrolled in DL1 between April 2009 and April 2010. Patient demographic and baseline characteristics are summarized in Table 2 . All patients discontinued the study because of either disease progression (n=16; leading to death in two patients during the study period), death (n=1; due to ruptured abdominal aortic aneurysm), AEs (n=2), refusal of further follow-up or treatment (n=1 each), or enrollment in an ongoing extension study (n=1; NCT00828919). The two AEs leading to study discontinuation were acute renal failure and gastrointestinal perforation.
Patients started a median of four cycles of combination therapy (range, 1 to 31 for axitinib, 1 to 10 for cisplatin, and 1 to 31 for capecitabine). Dose delays for axitinib, cisplatin, or capecitabine occurred in 15 patients (68.2%). Dose reductions for axitinib, cisplatin, and capecitabine were required in 19 patients (86.4%), 10 (45.5%), and 17 (77.3%), respectively. Median (range) relative dose intensity (percent of actual/intended dose intensity) was 70.1% (33.3% to 95.2 %) for axitinib, 76.5% (42.1% to 103.1%) for cisplatin, and 67.5% (38.7% to 93.9%) for capecitabine.
DLTs and MTD
Three DLTs occurred during cycle 1 in three (25%) of the first 12 patients treated at DL1. In the first cohort of six patients, one patient had a DLT of ruptured abdominal aortic aneurysm (grade 5), which was considered to be related to all three study drugs. In the second cohort of six patients, one patient experienced a DLT of acute renal failure (grade 3) lasting 21 days, which was considered to be related to axitinib and cisplatin, and another patient missed > 5 consecutive days of axitinib doses due to thrombocytopenia (grade 3), which was considered to be related to all three study drugs. Per the definition of MTD in this study, axitinib 5 mg twice a day on days 1-21 in combination with cisplatin 80 mg/m 2 on day 1 and capecitabine 1,000 mg/m 2 twice a day on days 1-14 of each 21-day cycle was established as the MTD. In addition, gastrointestinal perforation (grade 3), which was considered to be related to all three study drugs, was reported as a DLT in one of the 10 patients in the MTD expansion cohort. . The lower limit of quantification was 0.500 ng/mL for axitinib, 1.00 ng/mL for platinum in PUF, 20.0 ng/mL for capecitabine, and 5.00 ng/mL for 5-FU. Two patients were excluded from median concentration profile plots for platinum in PUF, capecitabine, and 5-FU because cycle 2 (C2), day 1 (D1) pharmacokinetic samples were not collected.
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Adverse events
The most frequently reported all-causality, all-grade, non-hematologic AEs (Table 3) included decreased appetite (n=20, 90.9%), nausea and fatigue (n=17, 77.3% each), and hypertension and stomatitis (n=16, 72.7% each). The most common all-causality, grade 3/4, non-hematologic AEs were hypertension (n=8, 36.4%) and decreased appetite and stomatitis (n=4, 18.2% each). During the study, a total of 12 patients experienced 18 serious AEs: thrombosis, headache, hypoesthesia, enterocolitis, diarrhea, pneumonia, acute prerenal failure, ruptured abdominal aortic aneurysm, bradycardia, hypertension, nausea, vomiting, gastrointestinal hemorrhage, acute renal failure, decreased appetite, and gastrointestinal perforation (n=1 each), and disease progression leading to death (n=2). All-causality laboratory abnormalities are summarized in Table 3 . The most common grade 3/4 laboratory abnormalities included neutropenia (n=8, 36.4%) and thrombocytopenia (n=4, 18.2%).
Pharmacokinetics
PK parameters for axitinib at steady-state, cisplatin, and capecitabine and its metabolite 5-FU in the absence and presence of each other are summarized in Table 4 , and the respective plasma concentration-time profiles are shown in Fig. 2 . Administration of cisplatin/capecitabine resulted in slightly increased axitinib plasma exposure, as indicated by a higher AUC24 and Cmax. Axitinib did not appear to alter cisplatin (platinum in PUF) exposure, but it did decrease plasma exposure of capecitabine and 5-FU, as suggested by lower AUC24 and Cmax (Table 4) . One patient was excluded from summary statistics for AUC24, CL/F, Vz/F, and t1/2 because of a non-estimable half-life, g) PK parameters are for platinum in plasma ultrafiltrate. Two patients were excluded from summary statistics for all PK parameters because PK samples from matching cycle 1 and cycle 2 were not completed. One patient was excluded from summary statistics for AUCinf, CL, Vz, and t1/2 due to non-estimable half-life, h) Two patients were excluded from summary statistics for all PK parameters because PK samples from matching cycle 1 and cycle 2 were not completed. Two patients were excluded from summary statistics for AUC24, CL/F, Vz/F, and t1/2 due to non-estimable half-life, i)
Two patients were excluded from summary statistics for all PK parameters because PK samples from matching cycle 1 and cycle 2 were not completed. Five patients were excluded from summary statistics for AUC24, CL/F, Vz/F, and t1/2 due to non-estimable half-life.
Antitumor activity
The overall investigator-assessed objective response rate (ORR) was 36.4% (95% CI, 17.2% to 59.3%). Eight patients (36.4%) each had partial response or stable disease (! 6 weeks). Maximum percent change in tumor size from baseline in target lesions is shown in Fig. 3 . Median duration of response in patients with partial response was 9.1 months (95% CI, 6.4 to 20.2 months); median PFS was 3.8 months (95% CI, 2.9 to 9.4 months).
Discussion
Cisplatin/5-FU has long been a standard first-line treatment option for patients with advanced gastric cancer; cisplatin/capecitabine has also become an acceptable alternative. We evaluated axitinib in combination with cisplatin/capecitabine as first-line therapy in patients with advanced gastric cancer. Because DLs higher than DL1 were not planned in this trial, all patients were started at DL1 consisting of axitinib 5 mg twice a day on days 1 to 21 in combination with cisplatin 80 mg/m 2 on day 1 and capecitabine 1,000 mg/m 2 twice a day on days 1 to 14 of each 21-day cycle. Three DLTs were observed during cycle 1 in three (25%) of the first 12 patients (ruptured abdominal aortic aneurysm, acute renal failure, and > 5 consecutive days of missed axitinib doses due to thrombocytopenia). As per the trial's definition, we established that DL1 was the MTD. One additional event (gastrointestinal perforation) was reported as a DLT in the MTD expansion cohort. The combination appeared to be generally tolerated with a manageable safety profile.
Compared with cytotoxic chemotherapy, most molecularly targeted agents, such as axitinib [13] , are relatively well tolerated, with most AEs reported as grade 1 or 2. However, chronic administration of these agents with relatively shortterm or no holidays may result in new challenges in terms of cumulative toxicity [20] . The combination of molecularly targeted agents with chemotherapy may augment this fundamental issue associated with chronic administration. Although potentially manageable during the first cycle, when chronic, overlapping toxicities and delayed recovery from chemotherapy-related toxicity, as a result of molecularly targeted agents chronically altering physiologic cellsignaling pathways in normal tissue can become unacceptable. Consequently, this may require drug dose reductions or delays. We determined tolerable doses to be the standard starting dose of axitinib and therapeutic doses of cisplatin/ capecitabine, but median relative dose intensity was onlỹ 70% for both axitinib and chemotherapy. The low median relative dose intensities for axitinib, cisplatin, and capecitabine reflect the number of patients experiencing dose delays or reductions due to AEs for all three drugs.
Given the importance of maintaining the dose intensity of chemotherapy to preserve efficacy, a new paradigm is urgently needed for determining the optimal dosing schedule in phase I studies of molecularly targeted agents combined with chemotherapy.
In terms of PK interaction, axitinib is primarily metabo- References lized by CYP3A4/5, and to a lesser extent (< 10% each) by CYP1A2, CYP2C19, and uridine diphosphate glucuronosyltransferase 1A1 [21] . Cisplatin does not undergo substantial enzymatic biotransformation in the liver and is mainly eliminated through renal excretion [22, 23] ; hence, induction or inhibition of CYP450 activity by concomitant medications is not likely to affect platinum CL. Capecitabine, a pro-drug, undergoes a three-step metabolic process to its active component 5-FU [24] . Overall, interactions between axitinib and cisplatin or capecitabine are considered unlikely as axitinib is metabolized via pathways that are distinct from those for cisplatin and capecitabine.
Our data indicate that coadministration of axitinib did not overtly affect the PK of cisplatin. This is consistent with expectations, based on knowledge of the disposition of the two drugs. Although the sample size for PK evaluation was small in this study (n=6 for assessment of capecitabine and n=3 for 5-FU plasma exposure), there is a suggestion of decreased plasma exposure for capecitabine and its metabolite 5-FU in the presence of axitinib. The mechanism by which axitinib may decrease capecitabine or 5-FU exposure is not clear. Results also indicate that axitinib plasma exposure was increased in the presence of cisplatin/capecitabine. Although the current study was not statistically powered for PK evaluations, the ~30% higher axitinib exposure in the presence of cisplatin/capecitabine was within the typical intersubject variability in axitinib exposure (% coefficient of variation for axitinib AUC24=79% to 83%) observed in this study.
In patients with advanced gastric cancer, preliminary antitumor activity of axitinib with cisplatin/capecitabine included a 36.4% ORR and 3.8-month median PFS. Other VEGF-targeted agents have been evaluated in patients with advanced gastric cancer [6] [7] [8] [9] [10] [11] . Sunitinib [10] , sorafenib [7] , and bevacizumab [6] have been combined with cisplatin/ capecitabine. In a phase I trial, patients receiving sunitinib with cisplatin/capecitabine had a 5.5-month median PFS and 33% ORR [10] . In the phase I trial of sorafenib with cisplatin/capecitabine, patients had a 10-month median PFS and a 62.5% ORR [7] .
The addition of bevacizumab 7.5 mg/kg to cisplatin 80 mg/m 2 (day 1) plus capecitabine 1,000 mg/m 2 twice a day (days 1-14) every 3 weeks in the phase III AVAGAST trial [6] improved median PFS (6.7 months vs. 5.3 months; hazard ratio, 0.80; 95% CI, 0.68 to 0.93; p=0.0037) and ORR (46.0% vs. 37.4%, p=0.0315) in patients with previously untreated advanced gastric cancer. However, the primary endpoint of OS improvement was not achieved.
This small, exploratory phase I study has limitations, and definitive conclusions cannot be drawn regarding the synergistic effect of this combination on antitumor activity. In addition, we currently lack definitive biomarkers for use in predicting which patients will experience long durations of response. Because standard prescribing doses for individual drugs were used in DL1 and higher DL cohorts were not planned in this study, we know that the doses evaluated were tolerable but we may not know the true MTD. Larger prospective studies may be needed in order to further investigate the safety and antitumor activity of axitinib in combination with cisplatin and capecitabine in patients with advanced gastric cancer.
Conclusion
In conclusion, in patients with advanced gastric cancer, standard doses of axitinib (5 mg twice a day continuously) plus therapeutic doses of cisplatin (80 mg/m 2 on day 1) and capecitabine (1,000 mg/m 2 twice a day on days 1-14) could be administered in 21-day cycles in combination. The AEs encountered with this regimen were manageable.
